DOCUBENT RESUMNE

BD 179 413 SE 029 436

AUTHOR friedland, James

TITLE Huntington II Simulaticu Program - EH. Student
workbhook, Teacher's Guide, and Rescurce Handbook.

INSTITUTION Digital Fquipsment Corp., Maynard, Mass.:; State Univ.

) of New York, Stony Brcok. Huntingtcn Computer
Project.

SPONS AGENCY National Science Foundation, washingtcn, D.C.

PUB DATE Oct 73

GRANT - NSF-GW-5B83

NOTE 62p.; For related doguments, see SE 029 43u-440 and

ED 093 6ulU-64S; Not Available ir hard ccpy due to
marginal legibility of original document

EDRS PRICE . MFO1 Plus Postage. PC Not Available from EDES.

DESCRIPIORS | *Biology: *Chemistry: *Computer Assisted Instruction;
Gaume Theory: Mathematics Education; Mcdels:
*Physiology: *Science Educaticius Secondary Education;
*Simulaticn

IDENTIFIERS *Enzymes

ABSTRACT

Described is the computer simuiation program “PH."
The proyram consists of *hree different labcratory investigations
dealing with the pH specificity of enzymes. The purgose of the '
program is to enable tenth- tc twelfth-grade students tc determiLe a
possible explanation for H specificity in an experimental, but
mathematical, fashion. (Author/RE)

Nk s o o ok ok e e ol ok ok kol o ok ok ok o ol ok ko o kol ok ok ok 3 ok kol ok ok ol ok ok bk b o) b ok o ok ob ok ok ok ok ok kol o o ok ok ok ok K

* Reproductions supplied by EDRS are the best that can be made *

* fronm the original document. *
Wk ok ok ol e ok o ok afe ke o ae ook ko o ok ol ol ool ok ok ok ks ok ook 3 sk ks ok i a3 ok ok ke of 3 o ok ap ok ok ok i ok e kol ol o ok ol ok ok ok




DIGITAL EQUIPMENT CORPORATION

20Ucoio

- Huntington Il Simulation Program - PH

STUDENT WORKBOOK $ 50

US DEPARTMENTOF HEALTH
FDUCATION 8 WELFARE
NATIONAL INSTITUTE OF

EDUCATION

o DOCUAVENT nAY BEEN REPRO-
o b XA Y AY RECEIVEL FROM
Crih B ERSONOR QARGANIZATION ORIGIN.

ATIMNGT BPONYS OF v E W OR CPINIONS
CATED DO NOGT NECESSARL Y REPRE-
SENT ORI AL NATIONAL INST.TUTE OF
FOUCATION POSITON OR POLICY

Aruitoxt provided by Eic:

ED179413,

—

“PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

/,Ylmt)( L. Charles
NSF

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)."

2




DIGITAL EQUIPMENT CORPORATION
EDUCATIONAL PUBLICATIONS

A partial list of the publlcatlons in the continuing series of
curri material published by Digital for use with EduSystems
and RSTS are listed below. Please inquire directly for prices

on classroom quantities.

These publications may be ordered (cash enclosed) from:
Software Distribution Center " , T

Digital Equipment Corporation
Maynard, Massachusetts 01754 '

Populution: Self Teaching BASIC Workbook $2.00
101 BASIC Computer Games $5.00
Understanding Mathematics and Logic Using BASIC Computer Games $1.50
BASIC Matrix Operations, Project Solo ' $1.00
Computer Augmented Calculus Topics $1.50
Problems for Computer Mathematics $1.25
Advanced Problems for Computer Mathematics $2.00
Tutorial Exercises for Chemistry Student Workbook $1.00

Teacher's Resource $2.75 ‘

BASIC Application Programs ‘
Mathematics I $1.00

Mathematics 11 1.00
Science 1.00
Business and Soc1a1 Studies 1.00
i Plotting : 1.00
| Chemistry . 1.50
Huntington 1 Application Programs
Mathematics $2.00
Teacher Assistance 1.00
Huntington I Simulation Programs .
Biology . $1.00
Chemistry " 2.00
Earth Science 1.00 .
Physics 2.00 ‘
Social Studies 1.00
Huntington II Simulation Modules
Student Workbook $.30 - .50
Teacher's' Guide ‘ .30 - .50
Resource Handbook .50 - 1,00
Program Paper Tape .50 - 1.00




e — — —— — L _—

STUDENT MANUAL

= = o

THE PH SPECIFICITY OF ENZYMES

‘.
(4]
SUBSTRATE
\ ‘..J
[ ]
I .
| Q
L)
>
o
.‘ 4 ) ()
. .
" ' ENZYME

HUNTINGTON TWO COMPUTER PROJECT

Copurisht (& 1973, State University of New York

. 14 October 1973

lThe work ot the Huntington Two Computer Project is partially
supported bv the National Science Foundation, Grant GW-5883,

El{llcrum,;gwan EXCLUSIVELY BY DIGITAL EQUIPMENT CORPORATION, 1973

IToxt Provided by ERI




ST UDENT MANUAL

L. INTRODUCTION

Enzvmes are pH specific; that is, they work best at certain pH values.
For example p2pafxn, the enzyme that digests protein in your stomach, works
well at oH values of 1 aud 2 but doesn't work at all at pH 9, Why?

Scientists have not yet agreed on an answer to this question, but there
Are several theories., The PH program allows you to explore one of these
theories without having to do the required math.

The thecry that the PH program is based on holds that pH specificity
can be traced tu the behavior of ionizable amino acids presert at the active
site. By "mizible we mean that the amino acids can become charged. The
cet7r 07t is the particular location gg/,he enzyme where catalysis occurs,

//

Studies of manv different enzymes indicate that there are usually
fonized amino acids present at an active site., Amino acids that take a
pusitive (+‘ charge are called basie amino acids, those that take a negative
(=) charue acidic amino acids. There are only a few of each kind. Some of
these are listed below: “

BASIC_AMINO ACIDS (shown in ionized form)
. M NH

\ ®
CH2 CHp=CHp~-N- C NH3

ARGININE HZN C ~ COOH

H

N
HCT &

N C
HC N
HISTIDINE (':H H2
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HaoN- C~ COOH
|

H

- - @

HaN ~C - COOH
H

LYSINE




ACIDIC AMINO ACIDS  (shown in fonized form)

$H2-coo@
ASPARTIC ACID ' HoN - C - COOH
N
| | ?Hz-se
CYSTEINE | : H2N~- C - COOH
| ,
H

CHa~ CHa - coo®

GLUTAMIC ACID ' HoN -C~ COOH
B N
?e
HC~CxcH
Hg\cgén
TYROSINE |
. . CH2
H2N-(::-' COOH
H

e ability of an amino acid to become charged can be very important
tor en vie a tivity if, for example,. it is the-attractjon of opposite . .

- ' charges that is resnonsible for hold-
ing the enzyme's substrate. (the sub-
stance the enzyme works on) in correct
position on the surface of the enzyme
during catalysis,

As we sald before, pH specificitv can
probably be traced to the behavinr of
ionizable amino acids present at the
active site, the explanation for this
SUBSTRATE being the different pH values at which
different amino acids become charsed,
Does it matter how manv amino acids
_ are present at a site?  Does the
type ot amivo acid make any difference? These are some of the questions
von will try to answer with the PH program,




THE PH INVESTIGATIONS

e TNV ST TEON HT PAFPERNS OF ENZYME ACTTVITY

The PH model predicts high enzyme activity when the active site is
properly charged and low enzyme activity when there is an improper charge
at the active site. As you have already read, the ionizable amino acids
become charged only- at certain pH values, some at high pH only and some
at low oH only, Through this investigation you should be able to figure
out at what pH each of the seven ionizable amino acids is charged.

.
. Experiment 1 WHAT PATTERN OF ENZYME ACTIVITY
VOULD BE EXPECTED IF AN ENZYME
4 HAD ONLY ONE CHARGED ACIDIC

AMINO ACID-AT ITS ACTIVE SITE?
- To answer the question it will be necessary to run PH at least once
and possibly several times. If you find it necessary to run PH more than

once, remember that in a controlled experiment only one thing is varied
from experiment to experiment, all other variables remaining constant,

| The program will first ask you for a series of inputs:

HOW MANY TONIZABLE AMINO ACIDS AT ACTIVE SITE?

The question above gives you the answer to this question,
You may want to enter this answer on an INPUT SHEET (see
end of this Manual),

I'he computer will next ask:

AMINO ACID | ---- CODE NO,?
These are the code numbers for each of the acids:

= aspartic acid
= rysteine
glutamic acid
= tyrosine

= arginine
histidine

= lysine

0N =
[}

5
b =
7

tNuhhorg I throu'h 4 are acidic amino acids, while
‘ numbers 5 through 7 are basic amino acids.
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SLOULD 11 BE CHARGED (L=YES, @=N0)? i

We assume in this experiment that the amino acid nmusc
he in the charged condition for enzvme activity,

PH RANGE FOR THIS i"in’l'lRI.“ﬂiN'l':

LOWER LiMTT!

UPPER LIMITY
Since we are interested in enzyme activity over the
cantire pH range, you should select vour limits accord-
ingly., (You are limited .to the range from 0 to 14,)

e ool Do fopouou bo vlan jonr expeoriment and
doem DL Doy b Fape you go to the computer., You et use
- ol UOMBYIER TVPUT SHERIS nelyded at o the baek of rhe

. !
B
|

* 1

WJiwen vou have tinished entering your inputs, the computer will carry
out tie necessary calculations and then give you the results in graphical
torm,  Enezvme activity will be plotted on the y-axis, and pH on the x-axis.
Remember that a computer graph always comes out sideways, so you will have
go turn it on its side for casier reading.

ENZYME ACTIVITY
. 'E' . . /
. a ) g L ] ¢
. ’ E * * o . .

B " ) Hd

) TURNED OVER FOR READING
[ AS IT COMES

. . OFF THE
TELETYPE - "

W '

Now, sed it vou can answer the following question:

Vool RANIGR, FRTM Q-7 R Va1, WOULD AT ETTYVAT

(R STAT AR | S A NN T2 A R A Areoy (Y24 ) Nl WA B Lt ey e
Y i .1".’/."D A'/. o A":."J / rt‘,/..tr) RN ;2. PN

PR Y

£~
Qx




Experiment 2 WHAT ENZYWF'ACTIVITY PATTERN WOULD BE EXPECTED FOR i

AN ENZYME THAT REQUIRES ONE CHARGED BASIC AMINO ACID
AT THE ACTIVE SITE FOR ENZYME ACTIVITY7

[f you did not carry out Experiment 1, please read Experiment 1
Instructions first, - N

Since the only change. for Experiment 2 is in the type of ionizable
amino acid present, your inputs should differ for only one question, !

AMINO ACID 1 ~--- CODE NO.?

Anino acids coded 5 = 7 are basic amino aeids.

Aizain, be sure to record your inputs on a COMPUTER INPUT SHEET before going
to the machine,

\

At the end of this experiment you should be able to answer the question:

OVER WiICH pH RANGE, 0-7 0R 7-14, SHOULD. AN -ENZYME .THAT
AQULRES NE CHAR”FD BASIC AVINO ACID WORK BEST?

. -
— -

Experiment 3 WHAT PATTERN OF ENZYME ACTIVITY WOULD BE ASSOCIATED
WAITH AN ENZYME THAT REQUIRES TWO CHARGED AMINO ACIDS
AT THE ACTIVE SITE, ONE ACIDI¢ AND- ONE BASIC? '

|
|

It vou did not carry out Experiment 1, be sure to read the instructions
starting ¢a page 3 before going on,

For this experiment you will have to enter inputs for the following
questions: :

-~

» HOW MANY [ONIZABLE AMINO ACIDS AT ACTIVE SITE?
« AMINO ACID 1 =---= CODE NO.?

SHOULD [T BE CHARGED (1=YES, @=N0)?
- AMINO ACID 2 --=- CODE NO.?

SHOULD I'T BE CHARGED (l=YES, @=NO)?

« PH RANGE FOR THIS EXPERIMENT?

LOWER LIMIT?
UPPER LIMIT?




Since there are many possible-combinations of amino acids *hat can be
used in this experiment, ‘It may be wise to do several runs or to compare
your results with those of other groups doing the same experiment,

Hon't forget to record your inputs on one of the computer INPUT SHEETS
(Included ar the back of this Manual) before you begin,

Whea vou have ¢ompleted Experiment 3, you should be able to answer the
Foltowing question:

WHAT GENERAL PATTERN OF ACTIVITY CAN BE EXPROTED FOPR
AV ENCYME WITH TWO IONIZED AMINO ACIDS AT ITS A TIVE
SR, TR OVE LS ACIDIC AND THE WTHER BASIO?

FOLELOW=UP QUESTIONS FOR, IVVESTIGATTON #1
7 ‘
!
At what pH values ’(

(high or low) are the acidic amino scids charged?
' .

)

At what

#Hovalues (high or low) are the basic amino acids clinrged?
!\VMin works best only at low pH values of 1 or 2. What type(s)
At eharged amino acids might be found at its active site?

Host ensvmes in llving cells work best around apH of 6, 7 or 8
and Jdo not ar

wvork at all in very high_p{_yeryvlow pH's. What kind(s)
T oamine aclds mieht cause this behavior?
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Aot e A e noticed in JVSVITIZTI0V KDL an increase in the nume
Bt ootk sarten restricts the range of pH o in which the enzyme will
Pt L, e deooften desirable; for instance, we want pepsin to finac-
tion onie "o s ety acidic stomach and not in the slightly alkaline
it i V '

e bt st quesition that if two amino acids at the active site
(one ot other acidic) can produce a restricted activity range,
whow st D e csne have more than two ionizable amino acids at its
active et mswer te thds question lies in the possibility of the
ot e e widy doicg more than just restricting the pH range over
witden ot he enee o fupetionsy they mav also be taking part in the catalysls
vt mmateste s Therefore, 1 oan enzyme required more than two types
et ewinae helds to ocarry out catalvsis, there would be more than

toaation is designed to allow vou to explore the conse-

ERTRENEN Toattiae one or two more charged amino acids at the active
site o ea s fodlow the outline of experiments offered here, or
Coo oo in e rnotoe allows) experiment on your own.,
’ - \
—— - - :

-

s THERK'MORE THAN ONE COMBINATION OF TWO

e AMINOCACTDS THAT WILL PRODUEE A MAXIMI™M
ACPIVETY IN THE RANGE OF pH 7?7
R I dirt‘rvwl combinations of two amino aqids (they need not be

coovet g ol he able to find a combination that produces a pat-
e T s e getivity at pH 7 with a sharp falling off of
Coro s b e ide (e sample graph below).

100

-

.

) -

w

o

-

.f‘\J

" 1 1 i 1 L

o2 q 6 8 IO 12 14
PH
’
-"E{ Lo by e ey to fivst determine the individual
Crorn s U e aeidsy)
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Experiment 2 WHAT [S THE EFFECT"OF ADDING A THIRD

AMINO ACID AT THE ACTTVE SI[TE?

Once you have completed Experiment 1, it {s possible to extend that
line of inquiry to sec the eftect of 'adding a third ionizable amino acid
at the active site, What 1s the ﬁffqgt of adding an amino acid ﬁlready
present as opposed to an amino acid not currently ae the active site?

Question:  The additfon of which amino acid had the least effect on activity?

Fxperiment 3 " WHAT IS ToE EFFECT OF ADDING A FOURTH AMiNO ACID AT
THE ACTIVE SITE, ASSUMING THAT ACTIVITY 1S MODERATE
TO HIGH WITH THREE TONIZABLE AMINO ACIDS PRESENT?

Sclect the combination from Experiment 2 that resulted in the highest

relative activity at pH 7, Find the effect of adding another amino acid
‘at the active stte, ] |

. <

:/ . -
Question: !t enzyme activity is high with three ioni  .hle amino acids

present, will the addition of a fourth amino acid improve
the relative activity of the enzyme?

(Optional) Is there another combination of amino acids that will
‘ produce higher activity at pH 7?

FOLLOW=UP OUESTI0ONS FOR [V 1747108 #2

" All other factors being the same, does the addition of another
tonizable amino acid improve the activity of an enzvme? /

2) Whv might a certaln enzvme have three or four ionizable amino
acids at {ts active site?

3) While knowledge of thoe detalled structure of most enzvmes is
still lacking, there are indications chat most enzymes have only
one or two fonizable amino acids at the active site, Why might
this make sense from the investigation that vou just carried out”

b

4) Assume that an enzvme works well with two ionfzable amino acids
at the active site, [If an animal were born with a mutation that
caused a third fonizable amino acid to be placed at the active

site, what would be the chances that the mutation would be passed
on' WHY |

’ -
s
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Phe enzvime acvetvicholinesterase catalvzes the breakdown of the chemical
aecivicholine.  This reaction is very important for the proper functioning

“of the nervous wvsten,

First vou'll be glven some necessary background on this euzvme and
It active site, then.vou'll be asked to hypothesize which ionizable amino

Cacids might be located at the active site. This question yvou can attempt

ey

to wmswer usine theF4 program. The method of investigation is totally up
to vou, ’ ' ’

t2

B

Vd 3 . .
Backaround - Avetviocholinesterase catalvzes the follcuing reaction in living

AV atesie .

Acetvicholine

,

—— Acctic Acld + Choline

' \ 1
tHostudi v of this’ cuzvme show it to have a maximum activity at

aporoximately 8,5, When its activity is plotted against pH, a "bell-
shaped. curve” results, ‘ -

Stadies of hoih the enzyme and the substrate indicate the active
site mav toor HkeMthe following: '

)

Pl

[t is thought that theype are two fonizable amino acids at the active
~ite, Phe amino acid at site A in the diapgram apove is thought to carry
a4 nevative (=) charpe while the amino acld at site B is thought to remain
arcivarged when the ensavme (s active,

Tour task is to determine which amino acid(s)
mivht be at sites A and B.
- el et

|
e ey . i . (I ..t B . . w1, ; . e ,
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/ . .




FOLLOW=UP QUESTIONS FOR INVESTIGATION #3
g ' \

1) Should the amino acid at s::e A be acidic or basic? WHY?

2)' If there were no ionizable aﬁino acid at site B, what would
the sketch of the activity curve look 1like?

3) If there were an uncharged ionizable amino acid at site B, /
should it be acidig or basic? WHY? /

I ) v
4) What amino acid(s) is probably at site A?

5) What amino acid(s) is probably at site B?

6) (Optional) Are there any other combinations 6f amino acids
tcharged or uncharged) that might produce maximum activity at
or near pH 8,5?

-5




Namea

PH COMPUTER ' INPUT SHEET

/e

AYECAR TSR Y WS o #
INVESTIATTON #
~ A ———

Experiment #

NO. IONIZABLE AMINO ACIDS

\

RUN 1

RUN 2

RUN 3

RUN 4

AMINO ACID 1 CODE NO.

CHARGED (1=YES, 9=NO)

AMINO ACID 2 CODE No.*

CHARGED (1=YES, @=NO)

AMINO ACID 3 CODE NO.*

CHARGED (1=YES, @=NO) .

AMINO ACID 4 CODE NO.*

CHARGED (1=YES, @=NO)

PH RANCGE:

LOWER LIMIT

UPPER LIMIT

~
fns

*If vou are using fewer than 4 ionizable amino acids, leave
an appropriate number of these blank.

. M
0'_
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TEACHER MANUAL

I. BASIC INFORMATION ABOUT THE UNIT
M

Subject Area: Biology
i Special Toéic: Enzyme Studies

Grade Level: " . 10th - 12th

Computer. Language: BASfC

Special Language

Feature: ‘ TAB : . )
) "Abstract: " The PH program consists of thrée différent
laboratory investigations dealing with the

PH specificity of enzymes, The purpose

of the program is to enable students to

determine a possible explanation-for pH

specificity in an experimental, yet now
' mathematical, fashion, o




I1. INTRODUCTION

The program PH* and its related STUDENT MANUAL are not designed
to replace the many worthwhile student experiments that can be carried
. out in the area of enzyme pH specificity (e.g., BSCS Yellow's Investi-
~ gation 6-1). Rather, PH is désigned to allow the student to investigate
a possible "why" for pH specificity,

This ares of biology is highly matheflatical. Since the mathematics
is generally beyond the tenth grade study of biology, the explanation of
a8 biochemical phenomenon must often be taken on faith., The PH program
was designed to present an explanation of the pH specificity of enzymes
in a way that would allow students to sidestep the mathematics involved.

The PH materials outline three different laboratory investigations. :
You will probably not want to carry out -all-of these experiments, but - - - -

-we wanted to offer interested students further activities in this field.

“The first investigation -deals with why many enzymes exhibit a bell-shaped
curve vhen their activity is plotted against different pH values. The
second exercise provides an introduction into the importance of sttucture
in an enzyme. The third and last investigation deals with a specific
enzyme, acetyloholinesterqse. This enzyme was the study model for
another HUNTINGTON TWO program, LOCKEY, and teachers looking for con-

tinuity may want to use this exercise.

-
‘ +

) - - ‘
We will use the convention of capital PH when referring to the progran and
materials and the conventional pH when referring to hydrogen ion concentration. ..
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HOW MANY IONTIZARLE AMINO ACIDS AT ACTIVFE SU[FE (UD

AMINO ACID 1

SHOULD IT °F

AMINO ACID 2

CSHOULD IT AR

v
2 BANGE FO2 THIS FEXPERIMFNT:

LOYER LIMIT? 7
UPPER LIMIT? 13

12

11

12

13

L]

RFLATIVE FNY“YME ACTIVITY

10

qu

CONE NN« ? 4
CHADNGFD (1=Y.2S,

=e== CODE YNe? 7
CHARGED (1aYES, =aN0)? |

40

57

AaNOY?

61

(AL

8

TO #4Y? 2

91

177

l--==l===e]e=cc]eccc]eccc]ecac]=ccc]ecca]ecaa]amnx]

I*,\

T

I 4
I «

I
I
[
1
1

T «

I+
I«
[+
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IV, 1NSTRUCTIONS FOR RUNNING PH

The PH program requires inpute to the following questions:

1)

2)

3)

e é’)

DO YOU WISH INSTRUCTIONS (1=YES, @=NO)?

If the students have studied this material, instructions would be
time-consuming and unnecessary, Many teachers may wish to delete
lines 199 -~ 240 and lines 3@J - 43P to eliminate the instructions.

CODE LIST (1=YES, @=NO)?

While the code list is hﬁhdy,»it too. is duplicated in the STUDENT
MANUAL. Those teachers wishing to eliminate both instructions an
the code list can delete lines 190 - 60§, :

HOW MANY IONIZABLE AMINO ACIDS AT THE ACTIVE SITE (UP TO 4)?

For INVESTIGATION #1 the student will choose either 1 or 2, In généréi,
the more amino acids chosen, the more restricted will be the resulting
pH range of the enzyme chosen. - S ’

AMINO ACID 1 ---- CODE NO,?

The input here is a number cdtresponding to a particular amino acid.

Each amino acid and its corresponding number can be found onthe
code list. '

-

(NOTE: The ordex of the code list is éepi-alphabetical, with all acidic
amino acids listed first. Order does not denote "strength" or any
‘other chemical property.) .

5) SHOULD  AMINO ACID BE CHARGED (1=YES, §=NO) ?

This question is the most' difficult for stuaents to understand. It
means: "Should the amino acid just named by-.code be in a charged con-

dition if the enzyme is to have catalytic activity?" For INVESTIGATICNS

#1 and #2 the answer to this question is always assumed to be "yes."

‘This question is, at least at this point, both for INVESTIGATION #3
and for the interested student who may want to investigate the PH:
model further. ' o

(NOTE: 1f the answer to Question #3 was 2 or more, the program will
~ Jump back to Question #4 until all amino acid information is inputted.)

6) PH RANGE FOR THIS EXPERIMENT

LOWER LIMIT? o
UPPER LIMIT? o '

When the studant has an idea as to when a change in activity will occur,
he can shorten the output by narrowing the pH range for the experiment,

If your gtudents are just beginning, it is best to encourage them to
use 0 to 14 (or at least 2 to 12),




Gfaphical Output

-

Since the PH{ model is based on many approximations, a graphical output"
1s both more honest and more comprehensible. You may want to have your
students connect the points of the graph to improve visibility, especially
1f the whole class will be obuerving these results.

V.__USING PH IN THE CLASSROOM

Most biology students are taught’ that enzymes operate best only at cer- '
tain pH levels, and this knowledge 1s essential for understanding certain
phenomena such as the functioning of the human digestive tract. It is very
difficult to teach why most enzymes show a pH optimum, however, without intro- .
ducing mathematics too complex for most tenth graders, PH was designed in an
~ attempt to answer this question without introducing the underlying mathematics.

A, Preparation

, The following concepts are important for avstudent's-understanding of
the PH program: : |

> ‘protein structure °

© the nature of a catalyst

> the idea that amino acids can pick up a positive (+)
or negative (-) charge (acidic and basic amino acids).

> the active site of an enzyme (see:p. 5, RESOURCE MANUAL). - "

Materials you should have on hand while using PH:

> Copies of pp.1-3 of the STUDENT MANUAL, with names,
|\ structures and codes for the acidic and basic
' amino acids.

© Tape or tacks to hang up graphical output after each
run, (If you use a fresh ribbon in the teletype,
most students should be able to see the pattern
from their seats.) : ‘

B. Hints for Using PH

1) As a classroom tool

8) Run INVESTIGATION #1, as described in the STUDENT MANUAL,

before class. PH allows combinations of amino acids that
probably would not function in nature. These combinations
will yield poor results,




b) Teletypes are fuu. Allow the student asking the "What 1f2!
question to input the proper information. :

—

' c) Since complete graphical output may take a few minutes on
some systems, have students hypothesize about the results,
under the assumption that the enzyme 18 active only when
all the amino acids are ionized: "What shape will the
activity graph have?" or "Will the activity be greater
or lower at pH 77", etc,

d) Bring up the example of leucine amincpeptidase (see p.6,
: RESOURCE MANUAL), an enzyme that doesn't have a single
pH optimum, and have the students explain why this enzyme
— ' doesn't ~how a bell-shaped curve when its activity is
' plotted against different pH values,

2) As a laboratory

Many teachers have found it easiest to use computer-oriented
- exerciges with part of the class while carrying out a relatod ‘
laboratory for the rest of the class, This dcuhles the exposure ) '
the individual stude:t can have, especially if ycu have access
to only a'single teletype. 1In addition, this approsch tends to
make the students rely more on themselves and the STUDENT MANUAL, -
as you may be busy with those students carrying out the alternative
laboratory. Some suggestions for alternative labs that would work -
well with PH include the BSCS Yellow Investigation 6-1, BSCS Blue
'— , Investigation 6-4, or S-15. Most other lab books also contain
enzyme- investigations. .

If this abproach 18 not possible, ycu can still use FH,
since students should be able to learn by observing the results
of different runms. '

INVESTIGATION #1 - This investigation develops most of
the key concepts, including the nature of enzyme patterns,
- the role of amino scids at the active site, and the
importance of the number and types of amino acids present,
' / ' .
There are three parts to this investigation. If all three
) parts must be carried out in the same laboratory session,
| it would be ‘advisable to have students break up into
groups of 2 or 3, with 1/4 of the groups assigned to
Experiment 1, 1/4 assigned to Experiment 2, and the
rest of the group assigned to Experiment 3, By careful
organization of groups, it should be possible to cover
every possibility within a double-period laboratory
FMM‘ session (or over two days),




When each group of students has finished at the computer
teletype and made observations on the outputted data,
have .them hang up their output, carefully noting the
number and types of amino acids used, so that other

\ . ‘'groups might also observe the results. This tecthnique : .
should enable students to arrive at the answers to all '
the follow-up questions for the investigationm. ,

INVESTIGATIONS #2 and #3 - These two experimeats require

i . either a great deal of trial-and-error work or previous
- experience with INVESTIGATION #1; therefore, it is not

' - advigable to attempt either #2 or #3 with whole class
groups. These investigations have been incluned in the
STUDENT MANUAL (rather than in the RESOURCE MANUAL) for
the benefit of interested students or groups of students
who are working on their own, .

" 3) With individuals or small groups

1f you have computer ﬁacilities available to you over long
periods of time, an individualized approach to PH will give the
student maximum investigative experience. PH has been designed
so that there is seldom a single correct solution; an organized
‘ experimental approach, however, will usually give the best results
\ ' in a minimum of time. If time is not a major problem, we recomnend
g your students work through a11 three investigations.
L
As far as background material is cencernéd, you may want to
provide tnose students working on their own with appropriate
readings rather than lacturing to them; the RESQURCE MANUAL is
keyed for this purpose. The information contained in  the back-
ground readings in addition to the basic material in a standard
text should be sufficient for these students to rum FH.

VI. KZY FOR STUDENT INVESTICAIIONS AND FOLLOW-UP_QUESTIONS

- INVESTIGATION #1 PATTERNS OF ENZYME ACTIVITY

Exps:riment 1 WHAT PATTEZRN OF ENZYME ACTIVITY WOULD BE EXPECTED
IF AN ENZYME HAD ONLY ONE CHARGED ACIDIC AMINO
ACID AT ITS ACTIVE SITE?

o

Correct Inputs (You may wish to -check the student's INPUT SHEET either
‘before or after carrying out this laboratory)




Correct Inputs

NO. OF IONIZARLE AMINO ACIDS? 1

AMING ACID 1 ---- CODE NO.? 1,2,3 or 4

SHOULD IT BE CHARGED (1=YES, G-NO)?‘ 1

PH RANGE FOR THIS LXPERIMENT ' .
: " : (Other numbers may be used
LOWER LIMIT? g here; for example, to save

' * time, 2 to 12 might be used,)

UPPER LIMIT? - 14

(4

Sample Output - For amino acid #1 (aspartic acid) assuming charged
condition necessary for enzyme activity:

DEULATLIYUR RZYAR ACTTYLLY

1Y reT AT 4Y 8y /% 91 % 9n  {A9 !
| e R A S R R S C LT LS Cpuppuy '
8| [ k
1
1 [«
v T
hl I M
T &
1 [
1 &
N ! k (
. I k 'l
5 { %
1 k
" 1 *
1 » k
7 I €
1 x
%4 1 .
! \ k
) 1 ' &«
1 k
[ { *
1 k
11 [ *
L4 *
12 1 %
1 *
| I { U
1 *
1/ I .




Other Possible sélutlonl for Experimant 1

An enzyme containing: , ' e

amino acid #2 (éyatcinc)'will show low activity in a pH range of 0-7, -
and high activity in a pH range of 9-14;

amino acid #3 (glutamio acid)will show low activity in the r;nge 0-3,
\ and high activity in the range 5-14;

amino acid #4 (tyrosine) will show low activity in the range 0-9,
' and high activity in the range 1l1-14.,

[N

Student Question for Experiment 1 S *

IN WRICH PH RANGE, 0-7 or 7-14, WOULD AN ENZYME THAT REQUIRES
ONE CHARGED ACIDIC AMINO ACID WORK BEST?

s

Answer: The specific pH's at which the enzyme might operate
v best depends on the nature of the amino acid at the
active site. All acidic amino acids tend to be
ionized at high pH values, however, so that if the
i~ enzyme requires this ionization for activity, it
would operate best in the range 7 to 14,

Additional Run for Experiment 1 . : : |

HOY MANY IONIZABLE AMINO ACIDS AT ACTIVE SITE (1P ™0 671

AMINO ACID 1| e=== CODE NO«? 4 ,
SHNULD IT RF CYARG.D (1s7ES, AaN0O)Y? |

P4 DANGFE FOR THIS EXPRRIMENTS
LOVEDR LIMIT? 7
J2PFR LIMIT? 13

RFLATIVE FNZYMF AGTIVITY
7 1@ M an 47 S7 63 7 AR on  yan

T I+
I«
a Ta
I «
9 1 *
{ * ,
17 1 *
¢ *
11 1 k
1 *
12 1 *
‘ I *
13 1 U

| o
c.‘

10




INVESTIGATION #1 * ' k

Experiment 2  WHAT ENZYME ACTIVITY PATTERN WOULD BE EXPECTED
. | FOR AN ENZYME THAT REQUIRED ONE CHARGED BASIC
' ' ' | ’ AMINO ACID AT THE ACTIVE SITE FOR ENZYME ACTIVITY?

NOTE : Exﬁianation of the computer inputs are in the
STUDENT MANUAL- only under Experiment 1, If the:
, - students have not carried out Experiment 1, they
' should read the STUDENT MANUAL for that experiment.

Correct Inputs,
. 7 %
T NO. OF IONIZABLE AMINO ACIDS? 1’ ..

pof S

AMINO ACID 1 ==-= CODE NO.? 5,6 ar 7

SHOULD IT BE CHARGED ‘(1=YES,@=N0)? 1

PH RANGE FOR THIS EXPERIMENT

LOWER LIMIT? C, g
\ UPPER LIMI'I‘? 14

L

Sample Output - For amino acid #6 (histidine), assuming ionized conditiOn
necessary for enzyme activity:

SNN,°TIOP Fﬂ?{MW ACTIVITY

) 1 A 2 nn 57 AN 7N Qry a1 1nn
PH I----I----I----I‘---!----I----I----Ir---!----I----I

1 1 *

' 11 / *
.o ; .
[a} 1 v

1 %

K 1 . 3

\ .

) 14

11 40




lgsgcr'POlliblc Solutions for Bxgciincnt 2
An enzyme containing:

anino acid #5 (argintnb) at its active site will show low activity in a pH
. range of 3-14 and high activity in range 0-2;

amino- acid #7 (Zyatne) at its active site will show low activity in the
. - range 1l1-14 and high activity in range 0-9,

- Student Question for E ct ent 2

OVER WHICH PH RANGE, 0=7 or 7-14 SHOULD AN ENZYME THAT EQUIIES
ONE CHARGED BASIC AMINO ACID WORK BEST?

Annwer: Just as with acidic amino dcids at the active site, there
is variation in behavior from amino acid to amino acid;
but we should expect such an enzyme to be active at
pH values 0 - 7,

Additional Run for Experiment 2

HOW MANY IONIZATLE AMINA ACIDS AT ACTIVERE SITFE (UP TO 4)7 |

AMINO ACIN | ==== CNDF NO0e? 7 ~ :
SHOULD I °F 0HARGED (1=YES, 7ay0? 1 .5

PH RAVGY FO2 TUIS EXPFRRIMENTS ‘
LOYER LIMIT? 7465
UPOFES LIAIT? 125

AFLATIVE FNZYMFE ACTIVITY ,
g 17 27 37 41 5% 6N T o’ 9n 190

PY I"--I""I""l--';I-"-If---l'--?f---'I"-'I""I
1 : . .
g1 B
1 .
3 1 *
1 *
111 *
1 «
11 1 *
1 & ¥
12 1+
I«
12 )




.

INVESTIGATION .#1

N

Experiment 3 WHAT "PATTERN OF ENZYME ACTIVITY WOULD BE
' ~« ASSOGIATED WITH AN ENZYME THAT REQUIRES TWO
"~ CHARTED AMINQ ACIDS AT THE ACTIVE SITE, ONE
ACIDIC AND ONE BASIC?

NOTE: 1t.1is necessary for the students to read
Experiment 1 before attempting this
experiment, . "

Correct Inputs

NO. OF IONIZABLE AMINO ACIDS? 2

- AMINO ACID 1 ===~ CODE NO,? 1, 2, 3 or &
SHOULD IT BE CHARGED (1=YES, Q-NO)? 1

PH RANGE FOR THIS EXPERIMENT
LOWER LIMIT? ' " K g
UPPER LIMIT? . 14

(See Sample Outpu%fon following page.)
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FOLLOW-UP_QUESTIONS FOR INVESTIGATION #1

1) © At what pH values (high or low) are the acidic amino acids cﬁarged?

The acidic amino acids’are generally charged at high pH values.
This is because at high pH values there are few hydrogen ions
but many hydroxide ions in solution, causing the hydrogen to
be removed from the side groups of these amino acids, leaving
them with a net negative charge,

"2) ‘At what pH values (high or low) .are the basic amino acids charged?

. The basic amino acids are generally charged at low pH values, -
.This is because at low pH values hydrogen ions are in excess,
" an unbalanced situation which moves toward equilibrium by
the addition of hydrogen ions to the basic amino acids,
leaving each amino acid with a net positive charge.

3) Pepsin worEa-bcstxonly at low pH values of 1 or 2, What type(s)
of charged amino acids might be found at its active site?

Since we are restricting our answer to amino acids carrying
a charge, there would have to be a basic amino acid at the
active site, Bince at these extremely low pH values only
basic amino acids are charged. ‘

y 4) Most énzymes in living cells work best around a pH of 6, 7 or:8 and
do not work at all in very high or very low pH's. What kind(s) of
amino acids might cause this behavior?

There are several correct answers for this question. The

most likely response, considering the results of this .
investigation, is that at least one acidic and one basic 2
amino acid must be present at the active site, Another )
correct answer to this question would be two acidic amino

acids at the active site, one charged and the other

uncharged. There are other correct solutions and the .
best test of an answer would be a run of the PH program.

16 3 3
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Other Pollible Solutions for an.rinnut.3

S;udcnt Questipn fsr E;gérineut 3

-

R There ‘are 12 different solutions for this experimant. In general they
will exhibit bell-shaped curves with various degreel of extent. “A few com~
binations will exhibit no activity.

WHAT GENERAL PATTERN OF ACTIVITY CAN BE EXPECTED FOR AN ENZYME
WITH TWO IONIZED AMINO ACIDS AT ITS ACTIVE SITE, IF ONE IS
ACIDIC AND THE OTHER BASIC? '

Answer: Activity is usually displayed in the middle pH region
with 1little or no activity at the acidic and basic
extremes, In general, the curve can be called
bell-shaped.

Additional Run for Experiment 3 s

MO MANY TOVIZANLE AMIYN ACINS AT ACTIVF SITE (1P TO 437
AMINN-ACIND | ==== CODE NNe? 7.

SHOULD IT RF CHARGED (1=YFS, 7av0)? |
AMIND ACIN 2 === CODE V0 ? 7

SHOULD TT MF CHARGED (1aYSS, 729037 |
D RANGE FOR THIS EYPRRIMFNT:

LEED LIAIT? 6

UPPER LIMIT? 19

RELATIVF FNZYYR ACTIVITY ‘
3 1" an a9 49 57 (Yo B I | 39 Inm 1nn

6
r‘l

1n

11

&

-
P >t =t =g pd e ey S pnd peuf peed e gl
k.2

L3

1o
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" Sample Output - Using anino acids #1 (aapartio"aoi!d) and #6 -
" ‘ ‘(hietidine) and assuming ioniszed condition
of both necessary for gnzyme activity:

t

) *FLATIVF ENZYME-ACTIVITY N
A 17 94 33 4% S7 63 1A /4 "9m |7

PH  l=e==[==w=leeec]==se]ecec]emec]eccc]ecnc]eccc]anax]

13

n 1€
| & ]
) B &
T4 .
2 [ » ' , , . s
. 1= ’
3 .1 x
. . .
4 ¢ * i
1 - *
9 I *
SR | *.
6 1 , *
1 *
7 I R
1 *
7 1 * ) g
1 %
2 1«
I«
10 I«
| £
11 I+
I[%
12 1» !
[«
I*
I+
14 1%

14
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\INVESTIGATION #2 . EFFECI ON ENZYME ACTIVITY OF THE NUMBER OF - - *
IONIZABLE AMINO ACIDS AT THE ACTIVE™ SITE.

‘ | ‘l
f N
A ) b ‘ ~ -
’ .. ‘r . " .
. 4 :
-

There is no single molution to any of the exparimenéa in this investiga-

tion. For this reason many teachers will want to avoid this investigation
with large groups.

i . . ) o )
|Experiment 1 IS THERE MORE THAN ONE COMBINATION OF
- ' N 'TWO AMINO ACIDS THAT WILL PRODUCE A

) . . MAXIMUM ACTIVITY IN THE }ANGE OF pH 7?

!

- Due to the large number of combinations poseible (over 150), there

are very likely many amino ‘acid combinationa that yield maximum
agtivity in a pH range of 7.‘

411
/

For Experiments.2 and 3, let students work with any of these eligible sets

' - - of amino acids. These amino acids may be in the charged or uncharged .
: states. . : )

N
/
!

/

‘| Experiment 2 WHAT IS THE EFFECT OF ADDING A THIRD AMINO '
ACID AT THE ACTIVE SITE?

‘ : It penda on the type of Amino acid added; uaualiy, the addition ,

of amino acid of the same type as one of those already preaent |
will have the least effect. i . !

-l

!

for this experiment, let the students add any of the seven amino acids

'available, in either the charged or the uncharged state, to satisfy the
catalytic requirement. 'S

- ———— e o e

Exgerimont 3 WHAT IS THE EFFECT OF ADDING A FOURTH AMINO

) ACID AT THE ACTIVE SITE OF AN ENZYME, ASSUMING
THAT ACTIVITY IS MODERATE TO HIGH WITH THREE
IONIZABLE AMINO ACIDS PRESENT?

In general, the greater the number of amino acids, the more
restricted the pH range in which an enzyme is active.




. . . . ‘ - ’ ' | I >
FOLLOW:UP QUESTIONS FOR INVESTIGATION #2 -

N ' —

1)

-
. .

L]

All other #ectors being the sama, does the eddition of another
‘lonizable fmino acid improve the activity of an enzyme?

No, in general the addition of another amino acid lowers o
. activity and narrows the range of activity. (See the three
sample runs for this experiment )

2) VWhy might a certain enzyme have three or four ionizable amino ' : -
acide at its active site?

If three or four were required for catelytic activity, they S
would have to be present or no catalytic activity would
result at all. (Note: This is an aspect of PH which can

lead many ‘students as astray. You iay wish to emphasize this
in your classroom follow-up. )

3) While knowledge of the detailed etructure of most enzymes is
still lacking, there are indicatioms that most enzymes have

) ]
. \ only one or two ionizable amino acids at the active site.
] . " Why might this make sense frow the investigation that you just
carried out? , /

One of the conclusions the student might come to from this

investigati®n is that the addition of a third or fourth -

amino acid is disadvantageous, unless there is a good reason '
for the presence of the extra amino acid(s). (Some genet- - '

icists have begun to use this idea as a basis for molecular
evolution.) . "

4) Assume that an enzyme works well with two ionizable amino acids

at the active site. If an animal were born with & mutation that
caused a third ionizable amino acid to be placed at the active

site, what would be the chances that the mutation would be passed
on? WHY?

This is an open discussion question. Some of the above ideas

may play an important rule in the ultimate decision (or lack
of one) by your class.

18
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‘ . INVESTIGATION #3  INVESTIGATION OF THE ACTIVE SITE
) OF THE ENZYME ACETYLCHOLINESTERASE,

*

_ NOTE: Additional background materials onvthe énz&me acatyloholinesterase
may be found in the materials for the HUNTINGTON TWO program LOCKEY,

. - GIVEN (1) THAT THE ENZYME ACETYLCHOLINESTERASE
IS KNOWN TO HAVE A pH OPTIMUM IN THE AREA OF
8.5 to 9, AND (2) THAT THERE ARE THOUGHT TO
BE TWO IONIZABLE AMINO ACIDS LOCATED AT THE
ACTIVE SITE (ONE CHARGED AND ONE UNCHARGED), \
. WHAT TWO AMINO ACIDS ARE RESPONSIBLE FOR ‘
N THE ENZYME'S pH BEHAVIOR? - N

, . Since there are many experimental approaches that might be taken in
. this investigation, no specific directions have been given., Students might

S find the additional background material in the RESOURCE MANU helpful in : Sl
de:ermining a method of approach, .

A Sample Approach to INVESTIGATION #3 ‘ S

L

The fallowing approach is only one of,sevéral that shouldtprove
successful? . ' '

' 1) First determine the characteristics of each amino
‘ acid: when it is ionized, when it is un-ionized, etc.
2) Discard from consideration all amino acids that ,\
undergo ipnization change in a region other than
"near pH 9;. these amino acids are unlikely to .-
produce an optimum In the proper range, as
shown by the results of INVESTIGATION #1, »
Experiment 3,

3) 'vaestigate‘the combined properties of remaining
amino acids, when one amino ac:id is ionized and
the other un-ionized (not charged).

4) Select as the most probable choice the pair that
. produce an optimum near pH 8.5 to 9 and that meet
the requirements noted in. the background materials.

5) Also examine other possible combinations that have
an optimum around pH 8.5 to 9.




A ?oooible Solution

Using a mathematical procedure similar to that carried out by the pro-
gram PH, biochemists have come up with the most probable ionizable amino
acids at the active site of 'acetylcholinesterase:

Site A: ocysteine in the charged condition
Site B: tyrosine in the uncharged condition.

The following graph produced by the PH program will confirm that the
presence of cysteine in a negatively charged state and tyrosine in an
uncharged state produces a' pH maximum in the proper range and meets the
requirements noted in the background materials. "

o

Instructors with a knowledge of catalytic mechanisms may recognize
this state as being favorable for acid-base catalysis.’

oy
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S HOW MANY TOWIZARLE AMING ACIDS AT AGTIVE SITE (YD TO 432 9 -

AMIND ACIN | ==== COD® NA.? 2
SHOULD 1T RF CHIARGED (1aYFS, A=ay0)? | '

AMING ACIN 2 eeee OODF NO? 4 | 4
SHOULD IT PE CHARGED (1=YES, “YanN0)? 1 b

D4 DANRE FOiL THIS RXPERTMENT: ,
LOSEDR LIMIT? N .

DPRPEE LIMIT? 14

PY
9

1

]

n

13

14

NOTE:

1%
T : .

: Graphical Output for this Solution . : v

RELATIVF ENZYAR ACTIVITY |
Y1 2 37 4% 51 A 7% &« an 1A0
l=--=l====]ecec]ecac]-cccleccaeaca]eccc]asca]amaa]

1«
[+
T %
I
T«
I
I« : ‘
I« |

1+

[ % v i
| )]
1 «

—
*

et e g et e = 4 Pt e 4 e
* * =
K3
xr
»*

—y
=

There may be other solutjons. Certain biochemists have suggested the
use of higtidine., You may want to examine this posaible solution your-
self, or havp one of your students work with this possibility,




*

- FOLLOW-UP_QUESTIONS FOR INVESTIGATION #3

1) Should the amino acid at site A be \acgdic or basic? WHY? .

The amino acid at site A should be acidiz. In the background
materials it was noted that the amino acid at site A was
thougiit to carry a negative charge. Only an acidic amino
acid is likely to develop a negative charge through the loss
of a hydrogen ion.

" (For your information this deduction, in part, came from
noting the nature of the substrate. Acetylchrline, the
natural substrate, has a positive charge in the equivalent
location,)

2) If there were no ionizable amino acid at site B, what would
* the sketch of the activicy curve lock like? ‘

In .this case the activity plotted against pH would show low
activity in the basic pH range, assuming site A contained
an acidic amino acid that had to be in the charged state
for cucalysis.

(Note: If another answer were given for Question #1 above,
the response to this question would also be different.)

If there were an uncharged ionizable amino acid at site B,
would it be acidic or basic? WHY? ‘

If the student has used an fonized (charged) ‘acidic amino
acid at site A, then he must use an uncharged acidic amino
acid at site B. If a basic amino acid is used, a broad '
range of pH optimum generally results. (There are some ‘
solutions that nnkeluse of basic amino acids, however.)
What amigg/acid(ﬁ)fid brobably at site A?
Scientists think cysteine most likely.
What amino acid(s) is probably at site B?
Tyrosine seems to be the most likely choice.

Are there dny other combinations of amino acids (charged or unchai'ged)
that might produce maximum activity at or near pH 8.5? '

There may well be, since thé PH program alone allows over
2500 combinations of amino acids.
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A partial list of the publications in the continuing series of
curriculum material published by Digital for use with EduSystems
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RESOURCE MANUAL

INTRODUCT LON

Some of the material in this manual is written with the student, rather
than th: teacher, in mind. Tt is our hope that an interested student will

be able tu rescearch and find his own answers to questions posed in the PH

program, using certain materials in this manual as the necessary background.

Other parts of this manual are clearly meant for the teacher, Those
sections that are intended solely for background reading will be marked
with a W, and the séctious containing extended materials for the teacher
will be marked with a @, Sections marked with both (%®) indicate a mixed
function,

“

I. BACKGROUND 1NFORMATION

Enevmes as Proteins

Struvfurnily, enzymes are prote’ng; therefore, it is necessary to
understand the nature of proteins in order to understand enzymes. Proteins
are polymeric, A polymer may be thought of as a group of similar units
bonded together in a chain, Figure 1 can be used to reoresent a polymer.
In this case, the similar polymer unit is the circle. Notice that not all
the circles are exactly the same, The definition of a polymer requires
onlv that the unity be similar,

FIGURE |

N

4

We will take the ", .0 on the end of the chain to mean "and so on."

This te another characteristic of most polymers: they are long. Also,

the units that make up the polymer are usuallv bonded together in a par-
ticular fashion. We have now stated three requirements of proteins as

polvmers: they must be made up of similar units in a chaing the chain

must be long; and the units should be bonded topether In a particular
fashion,




Fhe units that make up proteins are called amlno acids, "All amino:
aclds are structurally similar,  Figure 2 belov {llustrates the basic .
structure of an amino actd,  FEach aminoe acid ts based on a central carbon .
atom (1) to which four ditferent groups are attached: thé amino group (2)
/ composad of a4 nitrogen and two hivdrogens, the carboxyl or carboxvllic
actd group (9, a single bvdrogen (4) and. a side group or replacement ,
RTOUp (Y1, 01 these groups, onlv the side group is allowed to varvy from =
one amito acid to gnother,

\\ 5 ',I
Rt \\\E// ,"_ ’
H\\\ | ”1
2 \N)—c-(c: 3 .
H ~ | \\\OH
_f, ,'—\\ -
¢ H '\
/
! 4 \\
' FIGURE 2 .

o Fogure 3 vou see two examples of amino acids.  In pglveine (a) the side
group (R) o sinele hvdrogen atom; in aspartic acid (b) the side group
Ps more comnlex, Both are amino acids, however, and can be found in pro-
tein peleners, There are over 20 other tvpes of amino acids that can be
tound in orotoins, bach of these amiao acids (with two exceptions) is
strocturallv ftent il exeent for the side (R) uroup.,

\ 0 !
o N
. J \
‘\\ H ,I \ "'C"H/,
N o ~ /
H | 0 H \‘T’ 0
\ v Y
/N-C—C\ N—c—c\
H l OH H L OH
il H

FIGURE 3

How Toi are protoin polvmers!  Toopet some tdea of what "long'" means
P e e ot pratdtne g Ter T Fook at twe examoles: ey and 07 cnen
Poandin o of the s hortest oratoio polvicr: known and has 51 amino
, which s tound in vour hatr and
" Pl Ty v have v iy s 1,090 amine acids —-= and col lasen is

voidas artangeed o two o b, Cold g

Dowh e e e aree U praetein
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Proteins have thelr amino acid units bonded together by peptide bond .

Figure 4 shows the location of a peptide bond, The covalent bond is always

between the amino group of one amino acid and the carboxyl group of the
other, . .
. CCOH
Cpemee—q
N H | OMH | CH2 o
N <J: :c” \N: clz ¢t
- ?. - - [N A ]
. H | 0 | H
| S
. . FIGURE 4 :

Fhe free carboxyl groups can in turn be bonded to the amino group of
anpther amino. acid and so on until long chains result.

Proteins are not straight chains; they are folded over and about them-
s¢lves,  Studies have shown that this folding becomes an .important consider-
ation when one attempts to determine the properties of a protein. Heat and
strong acids and bases are among the many factors that can change the folding
f a protein, Think of the change that occurs when you cook egg white,

-#g white is a solution of albumin, a protein.

‘ * Enzymes as Catalysts

We can pleture a chemical reaction as a hill., No matter what the
grade on the other side of the hill, it is going to take energy to get up
to the crest of the hill., 1f wo could in some way lower the top of the
hill, with a bulldozer for instance, it would require less energy to get
to the other side, Catalysts act by "lowering the hill." ,

BEFORE

FIGURE 5
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\ For auw vxample, let's take an enzyme called acetylcholinesterase,
Th&{ cnzyme specds the breakdowe of the chemical acetylocholine into two
parts, choliae and acetic actd. :

acetyl choline —l a::i’d‘c choline

FIGURE 6

This break=up would ocear naturally, hut at a very slow rate, because the
citeris requived to Yvet o up the hill" is great, (This amount of energy is

cvalled the e 7ot gy of the reaction,)  Tn fact, the reaction would
proveed s slowlv that vou would die because vour nerves would stop func=
tioning,  How « o we lower the activatlon encrgy so that the reaction Will
procecd fore gnich e?

Pooreduce the activation energy, we require a particular enzyme, Since
cach ensvie is specitic and s a catalyst for only one of a few reactions.
nocozvime cannot lower the activation energy of anv of the- other reactions
that mivht be o voing on at the same time, In our case, we requlire the
ensvme acctvicholinesterase, ’ '

P encvee Fivst bonds to the substrate (the substance that the enzyme
works on) o ororming an cnzyme-snbstrate. Most enzymes are thought to have
clectricat Iv charecd qroups that in seme way lower the amount of energy
requfred ter the reaction,  When the reaction is over, the enzyme releases
the prodact,

separote enzyme enzyme separate Lo
enzyme substrate and products enzyme
and substrate complex , after reaction and products

af ter reaction

FIGURE 7
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Figure 7 stiows the uanhv vmerging from the re
is another characterist{c of

N vatalyst, that it takes part in a reaction
‘ but is (tsel?f unaltered hy the

action unchanged. This

feaction, For this reason, a catalyst (in
our case, the enzyme) can be usdd over and over again., Furthermore, only

a small amount of catalvit s required for a reaction involving a large
amount of the subs rate,

U ds messible to depict a reactNon in which an enzyme is prosent as
Acatalvst in the tollowing WV

—eme s - —m e e

activation
energy without
enzyme

activation
energy with
enzyme

FIGURE 8

The enzvme does not change the substrate or the
tormg it onlv lowers the activation energy,
more castivomd usnally more rapidlv,

products that would normally
allowing the reaction to occur

B NCive Site of an Parvne
S DAL

-
Unee sedentists discovered some of the mechanisms of enzyme action,

. thev tried to answer another question: Does the whole enzvme take part in
catalvsis? Careful investipgations using many different techniques have
indicated that certain dreas of an enzyme are very important for catalysis,

. while other

arcas have no offect on the enzyme's catalytlc ability.,  This
Leds to the idea of an active site,

P~ actumally carried ont .
. all the active sites

in such cases are involved {n the catalvgis of the same
react ion,

ERIC | ‘

Aruitoxt provided by Eic:

At the area of the enzyme on which catalysis
Many enzyvmes may have more than one dctive site, but



Me On the pH Specificity of Enzymes

Nearly all enzymes exhibit pH optima.. Some specific examples that
vou may find usgful Iin class discussion are listed below:

Enzyme pd Optimum

Salivary amylase . 5.5 -6.5
Pepsin 1 -2
Pancreatic amylase 6.7 - 7.2
Trysin _ . 7.8 - 8.7
Lipase . 8 -
Maltase : 6.1 - 6.8

The ranges in the above figures reflect the/range of experimental
determination; but even then the variations are small. Most enzymes
have a bell-shaped curve when their activity is plotted against pH (see
(a) below), B .

ACTIVITY - ACTIVITY

FIGURE 9

However there are a few enzymes such as leucine aminopeptidase that
show quite a different curve (see (b)). Why should enzymes in general show
a bell-shaped curve and have restrictcd pH optima? And why do certain
enzymes béhave differently?

As we sald before, the answers to these questions can become highly
mathematical; while we do not expect high school students to understand
the mathematical solutilons involved, we hope that by using PH they will
acquire a basic understknding of pH specificity -- the norm and the

* ‘'exceptions.

pH can affect (1) the,ﬁffinity of an enzvme for its substrate; (2) the
- stability of the enzyme; or (3) the catalytic .ctjon of the enzyme. The
ceffeccs of (1) and (2) can often be qcreened out of experimental results,
When this is done the bell—shaped curve" still remains, It seems, then,
that a pH optimum is due primartly to the effect of diftferent pH valueq
on the catalvtic action of the enzyme,




In general enzymes are thought to function throush acid-base catalysis;

in order for this type of catalysis to.occur, there must be charged groups

at’ the active site of thc enzvme. Since enzvmes are proteln structures,

the pnky possible Lharged groups will be amino acids, Luckily, there are

only 1 few Amino. acids that can carrv a charge on thelr side groups (R groups).

- ¥

Thunv amino acids that can carry a positive charge on their side group

(bv pieiing up an additional hydrogen {on) are called basic amino acids.

Une, example nr a hasic 1m1no d(id {s {zslnu'

@

“NH, * S WMy C
I |
(CH)q + W (CH2lg
| ' g |
HoN — CH— COOH H2N=CH - COOH
FIGURE 10

Sinee a hvdrogen ion (HY) is tnvolved in quch a reaction, a basic
amino acid can carry a net positive charge only at certain pH values,
while the pattern is the same for each of the basic amino acids, each
basic’ mmino acid his its own range of pH values in which it is charged.

BASLC AMINO ACTDS

pH at which the
sroun is one-half
fonized = pK',l

e ij ! R-Group Structure
B ‘-—__(— ’
NH,
- 4
prert U 1.48 -CH,=CH,-CH ,-NH-C = NH
t } .
6.8 'C”2-63N2”3

10.0 ~CH =CH.~CH,.=CH =NH._
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hydrogen ion), Thes$ amino acids are called acidic., Glutamic acid 1is
one example: ; '

COOM [ €00~

l o |
CHj ' CH2 .
R ' . +. nt
CH?2 CH2
I o
HaN = CH -~ COOM | HuN — CH~ COOH
’ FIGURE 11 -

R

Likewise, each acidic amino acid has a certain particular range of pH

" values in which it is charged. For example,- glutamic acid 1s highly
charged at pH higher than 5, while tyrogine is charged only at pH
higher than'l1, C '

\ "
‘ ACIDIC AMINO ACIDS
A}
Yame | PK_ "R=Group Structure
ASPARIIC ATTD 4.6 ~ . =CH,-COOH
(TR | 8.3 ~CH,,-SH
SLUTAMTT ACTD 4,25 ~CH ,~CH,,~COOH
° : - e
TURAIINE 10,7 - =CH,~C H -OH
R
o . T I
. 8

.Othet'amino acids can carry a net negative charge (by releasing a




T general, basic i

i dre chaarged art low (acldic) ph values,
while acidic amtao e Gia e

> clareed at hipgh (basle) pH values. Your
situdents shoud be able to Jevelon thik understanding through experimentd-
tion with the srowvram

’ 3 R . \

—

T

vovme Activit, to Amine Acid Clacee
- - - — e i,

ELe KRelation o

o basic and an aeidic anmine acid are both present at the active
site ot an vnzvee, a bell-shaped curve mav. develop.,  Since the basic amino
acid s charzed onlv ot Dow plt values and the deidic amino acid is charged

b oniy at hignh i valucs|, they hoth will be charged only in the middle of
! the pHoscaie, f at alt.  1f borh the acidic and the basic amino acids
are required tor the enzvme’s catalvtic activity, then we will find that
-0 Lhe onsvme bae a restricted pH optinmum somewhere -around 7 on the pH scale,
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e pH and Aminc Acid Charge State

)

As for many other chemical reactions, a chanpge in the charge of an

amino acld can he described by an equilibrium equation. For the reaction

. amino acid = u¥ + amino acid”

", we can write the following equilibrium expression:

. [H+] [amino acid™|
: K

lamino acid]

Rearranging terms we obtaine

amino acid
lH+l 1 [ N ; 1 - [')l
[amine acid™] -

If we assume that only a, very small number ot the hydrogen ions present
are contributed bv the water, we can derive an cxpression for the pl of the
solution from Equation |[2] above, To do thrs, first take the

[EER N Y

[ztl‘lill() ac ]

Tog [HY] = log K, + 1up (3]
' ‘ Lamino acid”|

-

Sincé pH «quals Llu-xuwﬁdtivL Tog of the hvdiopen fon concentratinon, multi-

plying Equation [3] through by =1 will give us the desired expression:

[amino acid™|

[amlnn ﬂCidl [4]

pil = =Tog [H+] = -log l(‘1 + log

Note that multig)y&QQR;hrough by -1 inverts the fraction. Also, thé gquantity
(-log K)) is a donstMt for any single amino acid.  This difficult form of
the egquation can be simplified by introducing 4 new quantity called the PR,
the negative log-of the constant K L By substituting this new quantity
into Equation 4] and rearranging tcrms we obtain: '

aming acid”
lon [ X ] = plf - pK
lamino acid]

d

Using this cquation, it Is possible to calenlate the per cont ot

i
’ ’ ~ ' . . .
- acid 1o the charesed form at any pH, Althoh thi - cquation wa~ obain o
using an acidic amino acid, a simnilar cquation can be devived tor hoaooo
amino acids, The program 20 ocyaluates such cgquat iom tor the < fadons

over the earire pH ranve from 0O to 14,

!

Vi

loe of. caecn side:
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111, THE PH MODEL

Program Equaﬁions and Assumptions

1)

2)

3)

4)

5)

6)

|
Equations derived from the Henderson-Hasselbach equation for weak

~acids are a:sumed to be a valid description for the reactions of

side groups of amino acids:
log (ionized/de-ionized) = pH - pK, for acidic groups
log (ionized/de-ionized) = pK,- pH for basic groups

When more than one ionizable amino acid is present at the active
site, all amino acid side groups are assumed to be equally impor-
tant in carrying out catalysis: '

catalytic ability = (% amlno acid #1 with proper charge)
x (% amino acid #2 with proper charge)

x.'. L L] L]

None of the amino acids at the active site are N-terminal or C-terminai;
thus alpha amino and alpha carboxyl groups are not significant.

Neither the structure of the enzyme nor the structure of the substrate
is assumed to have a modifying effect on catalysis.

pH is assumed to affect only the enzyme, not the substrate.

At no time does the enzyme become irreversibly denatured.

)

14




Program Varlables and Their Meaning

A(T) pK,l of amino acid #T-multiplied by Identifier

" (+l for actdic, -1 for.basic amina aclds)
-~
B Anino acid code number holder
. ¢ Charged state identifier (-1 means uncharged)
\ .
D0r) qu.holder
| t
Iy - Per cent of amino acid in correctly charged state
N Number of amino acids at active site
b pH
"l ‘ Lower limit of pH determination
‘ . Py Upper limit of pH determination
£) . Response holder >
T Counter

Catalytic ability of the enzyme
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